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(54) Bumper and front rail assembly for vetiide 

(57) A bumper and front rail assembly includes first 
and second front rails (12) with a steel cross-member 
(42) extending theret)etween. The steel cross-member 
(42) has a substantially U-shaped cross-section. A steel 
forward memt>er (44) is secured to the cross-member 
(42) and spans the length thereof. The forward menter 
(44) is configured to act as a spring for elastic detorma- 

^46 


tion against the cross-member (42) in a low energy 
impact. Rrst and second steel crush cans (66) are dis- 
posed in the cross-member (42) adjacent the first and 
second front rails (12), respectively. The crush cans (66) 
are configured for improved energy management. 
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Description 

The present invention relates to a bumper and front 
rail assembly for a vehide including spring-steel (£ke 
components for imprcved energy management s 

Typically, vehid bumpers comprise a primaray 
plastic and/br steel construction designed for elastic 
deformation up to a 5 mile per tuxjr impact. These 
bumpers are typically not of sufficient structural integrity 
to dissipate substantial energy in a high energy impact 10 
i.a. an impact aboveS mph and up to 40 mph. Accord- 
intfy, since such bumper systems are typically 4-6 
inches in depth, this 4-6 inches is wasted length which 
could be used for energy management. Also, such 
bumpers typically have insufficient structural integrity to is 
generate a deceleration pulse significant enough to be 
sensed by a vehicle deceleration sensor for atrt>ag 
deployment 

Another shortcoming of such bumpers is that offset 
frontal impacts create an energy pulse which is 20 
absoibed almost entirely in one of the front rails, and the 
energy management characteristics of the opposing 
front rail is not utilised. 

Accordingly, it is desirable to provide a bumper and 
front rail assemt)ty for a vehicle which deforms elasli- 25 
caliy in a low energy impact Oess than 5 miles per hour), 
and ab8ort>8 a neater amount of energy in a hig^i 
energy or high velocity impact in a manner sufficient to 
create a deceleration pulse which may be sensed for 
deployment of an airt)ag. It is further desirable to create 30 
a bumper and front rail assembly for a vehicle in which 
both front rails are used to dissipate energy in an offset 
frontal impact 

The present invention overcomes the above-refer* 
enced shortcomings of prior art vehicle bumper and 35 
front rail assemblies by providing a bumper assembly 
which comprises elongated engaging high strength 
steel members adapted for elastic deformation In a low 
energy impact and further comprises crush cans dis- 
posed therebetween for increased energy dissipation in 4o 
a high energy impact. One of the elongated steel menv 
t>ers is welded at locations positioned along its length to 
the front rails for added torsional rigidity to dstrixite 
load between the front rails in an offset impact. 

More specifically, the present invention provides a 4S 
bumper and front rail assembly for a vehicle including 
first and second front rails and a steel cross-member 
extending therel>etween. The steel cross-member has a 
substantially U-shaped aoss-section. A steel fonward 
member is secured to the cross-member and spans the so 
length thereof. The forward member is configured to act 
as a spring for elastic deformation against the cross- 
member in a low energy impact. First and second steel 
crush cans are disposed in the cross-member adjacent 
the first and second front rails, respectively The aush ss 
cans are configured for improved energy management 

Accordingly, an object of the present invention is to 
provide a bumper and front rail assembly for a vehid 
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including engaging elongated steel members config- 
ured for elastic deformation in a low energy impact and 
also induding crush cans secured therein and adapted 
for increased energy absorption in a high energy 
impact 

The inventi_n will now be described, by way of 
example, with reference to the aooonpanying drawings, 
in which: 

Rgure 1 shows a partially phantom perspective 
view of a front rail and cross-member assembly in 
accordance with the present invention: 
Rgure 2 shows a partially phantom perspective 
view of a front rail, cross-member and crush can 
assembly in accordance with the embedment 
shown in Rgure 1 : 

Rgire 3 shows a partially phantom perspective 
view of a bumper and front rail assembly in accord- 
ance with the present invention corresponding with 
the erhbodiment shown in Rgures 1 and 2: 
Rgure 4 shows a schematic finite element analysis 
model side view of the bumper, cross-member and 
crush can assembly of Rgure 3. taken along the 
centre line of the front rail; 
Rgure 5 shows a schematic finite element analysis 
model side view of a partially elastically deformed 
bumper, cross-member and crush can assenrMy in 
aocordarwe with the embodiment shown in Rgure 4 
illustrating sequential deformation positions; 
Rgure 6 shows a schematic finite element analysis 
model side view of a fully elastically deformed 
burrper cross-member and crush can assembly in 
accordance with the structure shewn in Figures 4 
and 5 illustrating sequential deformation positions: 
Rgure 7 shows a partially phantom perspective 
view of a kximper and front rail assembly in accord- 
ance wHh an alternative entodiment of the present 
invention: 

Rgiire 8 shows a partially phantom perspective 
view of a front rail, cross-member and reinforce- 
ment member assembly in accordance with the 
embodiment shewn in Rgure 7; 
Rgure 9 shows a partially phantom perspective 
view of a frorrt rail, cross-member and crush can 
assembly in accordance with the embodment 
shown in Figures 7 and 8; and 
Rgure 10 shows a partially phantom partially cut- 
away perspective view of a burrper and front rail 
assembly in accordance with the embodment 
shown in Figures 7-9. 

Referring to Rgures 1-3. a burrper and front rail 
assembly 10 is shown in accordance with a first entxx}- 
iment of the present invention. The bumper and front rail 
assentsly 10 indudes first and second front rails 12 
(only one such rail is shown in Rgures 1-3). Th front 
rails 12 each indude a plurality of convolutions 14.16 
formed thereon to encourage natural and sut)stantially 


2 


EP0854066A1 


3 

sequential defcM-malion of the rail 12 In a high energy 
innpact. Each front rail 12 indudes mating Ngh strength 
steel components 18,20 having flanges 22. 24. 26. 28 
extending therefrom to facilitate welding of the rail com- 
ponents 18.20 together at the weM locations 30.32. 5 
shown in Figure 1. 

The front rails 12 also include forward flanges 34. 
36. 38, 40 which are adapted for wekfing to the steel 
aoss-member 42 which extends between the first and 
second front rails 12 and con^ses a sut>stantially U- 
shaped cross-section. By welding the cross-member 42 
to the front rails 12 at a plurality of locations 17 and 19 
arranged longitudinally with respect to the crossrmenv 
ber. torsional rigidity is imprcved at the joint between the 
steel cross-member and the respective side rail such 
that energy from an offset frontal impact is more evenly 
distributed t)etween the opposing front rails for energy 
management and dissipation. 

Turning to Rgure 3, ttie bumper and front rail 
assembly 10 also includes a steel forward member 44 
seciffed to the cross-member 42 and spanning tiie 
length ttiereof. The forward member 44 is configured to 
act as a spring for elastic deformation against the aoss- 
member 42 in a low energy inrpact. The forward mem- 
ber 44 is secured to the aoss-member 42 by the saews 
46, 48. 50, 52 which extend through apertures 54,56, 
which are positioned along the cro8S-memt>er 42 
closely adjacent the respective front rail, and engage 
the threaded nuts 58. 60. 62, 64. In this configuration, 
substantial elastic flexing of the forward member 44 is 
allowed with respect to the cross-member 42 in a low 
energy irrpact. 

As shown in Figure 3, the Iximper and front rail 
assembly 10 further comprises a steel reinforcement 
ment>er 90 extending within the cross-memt)er 42. The 
reinforcement member 90 and cross-memt>er 42 coop- 
erate to form a sidsstantialty rectangular aoss-section 
for improved structural integrity. 

The bumper and front rail assembly 10 further 
includes a crush can 66 disposed within the aoes- 
meihber 42 immediately adjacent each front rail. The 
crush can 66 indudes opposing flanges 68.70 extend- 
ing therefrom to be welded to the rear of the aoss- 
member 42 at the weld locations 72, as shown in Rgure 
2. The aush cans 66 corrprise high strength steel hav- 
ing tapered opposing walls 74.76 which extend to ttie 
opposing flanges 68.70. respective. The opposing 
walls 74.76 have elongated bumps 78.80 formed ther- 
eon for added stiiictural integrity. These aush cans 66 
are configured for slight elastic deformation in a tow 
energy irrpact and are further configured for added 
sta-uctural integrity in a high energy impact The rein- 
facement member 90 discussed above extends 
between the crush cans 66. 

As shown in Rgure 3, an aperture 82 is formed in 
the fonward member 44 so tfiat crush can 66 does not 
interfere therewitii in a low energy irrpact. In a low 
energy iirpact. tiie outer flanges 84.86 extend out- 


wardly away from the cross-member 42 as the centre 
portion 88 is deflected inward. This elastic deformation 
is illustrated sequentially in Rgures 4-6. As showa th 
centre portion 88 is compressed into the cross-member 
42 as the outer flanges 84.86 of ttie fbnward member 44 
expand outwardly. The centre portion 88 continues to 
deform into ttie aoss-member 42 until ttie crush can 66 
engages the forward peripheral edge of the aperture 82 
in the fonivaid member 44 such ttiat ttie crush can 66 
also begins to defonrn elasticaOy, and ttie reinforcement 
member 90 also t>egins to bend elastically as a result of 
the slight separation of the opposing sides 92,94 of the 
aoss-member 42. Deformation beyond this elastic point 
ttien becomes inelastic and ttie crush cans are opera- 
tive to dissipate substantial energy in a high energy 
inpact. 

Turning to Rgures 7-9. an alternative embodiment 
of the present invention is shown. As shown in Figure 7, 
this embodiment also comprises first and second front 
rails 98,100 having a cross-member 102 extending ttier- 
ebetween. This embodiment further comprises a for- 
ward member 104 secured by saews 106, 108, 110, 
112 to ttie aoss-member 102. A front plate 114 is 
welded to ttie forward member 104 to prevent buckling 
during certain frontal impacts. This embodiment also 
includes a centre reinforcement 1 16 secured wittiin the 
fonward member 104 and having curves 118,120 
formed therealong for added structural integrity. The for- 
ward member 102 is welded to the front rails 98.100 in 
ttie same manner as desaibed above with reference to 
tiie errbodiment shown in Figures 1-3. The reinforce- 
ment 1 16 is also welded to ttie aoss-memt}er 102. 

In ttiis embodiment, ttie forward member 104 
includes opposing flanges 122,124 which are disposed 
wittiin the opposing sides 126,128 of the aoss-meniber 
102 so ttiat ttie opposing flanges 122,124 are elasticaily 
deformed inwardly witti respect to the opposing sides 
126,128 of the cross-member 102 in a low energy 
impact situation. The opposing flanges 122,124 irx;lude 
inwardly projecting portions 130,132. shown in Figure 
10. to encourage such inward elastic deformation. 

This embedment also indudes opposing aush 
cans 134 fa further energy management. 

Accordingly, in the above-desaibed enixxiiments. 
low energy elastic deformation is achieved, as well as 
providing a front-loaded pulse for higher energy impacts 
which is operative to deploy an alrtiag and to begin sul> 
stantiat energy dissipation in the bunper area. These 
emtxxlimenls also provide more even loading of the 
opposing front rails in a frontal offset impact To date, no 
such t>umper and front system has been provided witti 
such diverse energy management characteristics. 

Each structural component comprises a high 
sti^ength stamped steel which allows spring action in a 5 
mile per hour impact. This spring action absort)s inpact 
energy of the vehide t>y allowing the forward member to 
deflect into tti reinforcement and ttienbotticfistort as a 
unit w II wittiin the elastic rang of the material. Botti 
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parts are stressed on all surfaces relatively uniformly, 
thereby preventing localised high stress areas arxJ per- 
manent set The shapes of the aoss-member, rein- 
forcement, and fonward member affect energy 
management and impact response to prevent front fas- 5 
cia damage. The forward mennber tends to become 
straight because of the plan view sweep which grows in 
width, causing the forward member to load the crush 
cans. The stiffness of the vehicle front rails Is set to yield 
above the yield point of the bumper system so there is w 
no damage in a low energy impact. 

Claims 

1 . A burrper assembly for attachment to the front rails is 
(12) of a vehicle, comprising: 

a steel cross-member (42) adapted for attach- 
ment to the front rails (1 2) for extending therea- 
cross, and having a substantially U-shaped 20 
cross-section; 

a steel forward member (44) secured to said 
cross-member (42) and spanning the length 
thereof, said forward memt>er (44) being con- 
figured to act as a spring for elastic deformation 2s 
against said cross-member (42) in a low- 
energy impact: and 

first and second steel aush cans (66) disposed 
in said cross-member (42) adjacent said first 
and second front rails (12). respectively, said 30 
crush cans (66) being configured for inproved 
energy management. 

2. A bumper assembly as claimed in daim 1 , further 
comprising a steel reinforcement member (90) 3s 
extending within said aoss-mendber (42) t)etween 
said crush cans (66), said reinforcement meni^r 
(90) and said cross-n^ember (42) cooperating to 
form a sut>stantially rectangular cross-section for 
improved structural integrity. 40 

3. A bumper assembly as claimed in either claim 1 or 
claim 2. wherein said forward member (44) is 
secured to the cross-member (42) only at locations 
near said crush cans (66) to permit a greater 45 
degree of said elastic deformation between the 
crush cans (66). 

4. A bumper assembly as claimed in any one of claims 

1 to 3. wherein said forward member (44) com- so 
prises an aperture (82) formed therein correspond- 
ing with each said crush can (66) such that the 
crush cans protrude through the respective aper- 
ture (82) in a manner such that a clearance gap 
exists between the crush can (66) and the forward ss 
edge of the respective aperture to permit such elas- 
tic deformation. 


5. A bumper assembly as claimed in any one of the 
preceding claims, wherein each said crush can (66) 
comprises opposing flanges (68.70) welded to th 
cross-member (42). 

6. A bumper assembly as claimed in daim 5. wherein 
each said crush can (66) comprises opposing 
tapered walls (74.76) with elongated bumps (78.80) 
formed thereon to encourage natural deformation 
thereof. 

7. A bumper assembly as claimed in any one of the 
preceding claims, wherein said forward member 
(44) comprises opposing outer flange portions 
(84.86) spanning the length thereof and configured 
to engage said cross-member (42) outside said 
sut>stantially U-shaped cross-section such that said 
outer flange portions (84.86) deform outward away 
from the cross-member (42) in an elastic deforma- 
tion situation. 

8. A bumper assembly as claimed in claim 1 . wherein 
said fonward merrfoer (104) comprises opposing 
outer flange portions (1 22.1 24) spanning the length 
thereof and configured to engage said cross-mem- 
ber (102) inside said substantially U-shaped cross- 
section such that said outer flange portions 
(122,124) deform inward within the U-shaped 
cross-section iri an elastic deformation situation. 

9. A bumper assembly as claimed in any one of the 
preceding claims, wherein the aoss-member (42). 
fonvard member (44) and crush cans (66) are con- 
figured to provide a deceleration pulse sufficient to 
deploy an airt>ag in a high energy frontal inpacL 

10. A bumper and front rail assembly for a vehicle, com- 
prising: 

first and second front rails (12); 
a steel cross-member (42) extending between 
said first and second front rails (12) and having 
a substantially U-shaped cross-section; 
a steel fonward member (44) secured to said 
cross-member (42) and spanning the length 
thereof, said fonward member (44) being con- 
figured to act as a spring for elastic deformation 
against said cross-member (42) in a low- 
energy impact; 

first and second steel crush cans (66) disposed 
in said cross-member (42) acQacent said first 
and second front rails (12). respectively, said 
crush cans (66) being configured for improved 
energy absorption; arxi 

a steel reinforcement member (90) extending 
within the aoss-merrfoer (42) between the 
crush cans (66), said reinforcement m mber 
(90) and said cross-member (42) co^erating 
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to form a sitelantially rectangular aoss-sec- 
tion for mnproved structural integrity. 
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